In the study of the improvement of urban transport in terms of energy efficiency and environmental improvement, one of the best options is the use of electric vehicles for both passengers and freight distribution.
INTRODUCTION
Electric vehicles are seen by many as the cars of the future due they are high efficient, produces no local pollution, are silent, and can be used for power regulation by the grid operator (Schaltz, 2011 ).
An EV uses one or more electric or traction motors for propulsion and can be separated into three groups, based on how and where the electricity is produced (Faiz et al., 1996) : (i) Vehicles relying on continuous electric supply from an off-board generation system, e.g. trolley buses supplied by overhead wires, as well as most electric rail transportation systems; (ii) Vehicles relying on stored electricity from an off-board generation system, e.g. batteryelectric vehicles, and vehicles using other energy storage media such as flywheels (zeroemission vehicles); and (iii) Vehicles relying on on-board electric generation to supply their needs, including series electric hybrids, parallel electric hybrids, and fuel-cell electric vehicles.
Modeling an electric vehicle is a very complex task as it contains many different components, where sizing of the vehicle must consider the demands of career and regulations of the European Union, adapted to different scenarios of use. A typical EV structure involves five subsystems: (i) drive system, (ii) power system, (iii) control system, (iv) vehicle structure and (v) auxiliary systems. This paper shows a multicriteria procedure based on the Analytic Hierarchy Process (AHP) to prioritize and select the most suitable configuration of the five vehicle systems to improve the vehicle performances in a given scenario of vehicle use.
VEHICLE CONFIGURATION
As stated above, modeling an EV is a highly complex problem, and the configuration of the vehicle has to be adapted to the different scenarios of use. The major components of an EV include two subsystems (Salem, 2013) : the electric motor and the vehicle systems which include an electric machine as drive system, electrical energy sources, control systems as a central control, and power converter as a device that converts electrical energy source with variable needs of the electric vehicle by switching devices (see Figure 1 ). More recently, Larrodé et al. (2016) , as a part of the development of the racing electric vehicle "Zytel-Zero", developed in the laboratories of the Aragón Institute for Engineering Research (i3A) of the University of Zaragoza described their research according to the work done into the vehicle in five blocks: the drive system, the power system, the control system, the vehicle structure and auxiliary systems (see Figure 2 ). This paper follows the same vehicle structure and considers the same five subsystems. 
Drive System
This subsystem includes all the necessary elements for the movement of the vehicle: the powertrain, transmission, suspension, steering and rolling of the vehicle.
Power System
The Power System of an EV refers to the on-board energy generation and the energy storage. There are many structures of multi energy sources for EVs, e.g. batteries; power battery and super capacitor; fuel cells, auxiliary power batteries and super-capacitor; fuel cells and super capacitor; fuel cells and power battery (Jinrui et al., 2006) .
Control System
The control and monitoring of the different variables of the system is needed for a proper interaction between the user and the vehicle. The control system is divided into two parts: (i) the controller, which controls the state variables of the vehicle and, (ii) the battery management system (BMS) to control the level and condition thereof. The main functions of the vehicle controller are (Wang et al., 2015) : Drive torque control, the braking energy optimization control, the vehicle energy management, the maintenance and management of the network, fault diagnosis and processing, and the vehicle condition monitoring.
Vehicle Structure
The two main set of parts of the vehicle structure are the body and the chassis, which depend on the functionality (freight or passengers). 
Auxiliary Systems
The auxiliary systems are composed by a collection of related automotive Electrical components that interact with the main car systems and components to support its functionality. These systems reduce the driving range since they are using battery power, and are related with Security Systems, Comfort Systems, Lighting Systems and Information Systems.
PRIORITIZATION AND SELECTION OF THE ELECTRICAL VEHICLE SYSTEMS: A MULTICRITERIA ANALYSIS

The Analytic Hierarchy Process (AHP)
The Analytic Hierarchy Process (AHP) is a multi-criteria approach commonly used in decision making processes. It allows solving highly complex problems characterized by the existence of multiple scenarios, actors and criteria (both tangible and intangible). The general steps of the method are (Saaty, 1994) : (i) Modeling: hierarchy construction of the problem, identifying the goal, the relevant criteria, the sub-criteria present in each criterion, the actors and alternatives. The resulting hierarchy must be complete, representative, nonredundant and minimalist; (ii) Valuation: Based on the judgments made by the decision maker, paired comparisons are established between the elements of the hierarchy by using the fundamental scale of Saaty (Saaty, 1980) . In comparison, the element that shows, to a lesser extent or degree the characteristic under study, is taken as a reference, and a numerical value is given about the times the greater includes, contains, dominates or is more preferred than the least with regard to the studied attribute; (iii) Prioritization and synthesis: local and global priorities of the hierarchy elements are determined. Later on, priorities are grouped through the principle of hierarchical composition with the objective to offer an overall assessment of the available alternatives; and (iv) Sensitivity analysis: system stability through tests to search for the best alternative regarding different changes in the criteria priorities.
This method performs to main contributions (Barba-Romero and Pomerol, 1997): detect and accept, within certain limits, the inconsistency of decision makers, and (ii) allows employ naturally a hierarchy of criteria, which cannot make methods that require global comparisons of the alternatives. However, AHP has received some criticism, e.g. due to the method laboriousness derived from the need to compare all possible pairs of elements (Takeda et al, 1987 ) that lead to errors and inconsistencies.
Design of the decision model
AHP has previously been used in the EV research, more specifically in the energy supply network (Li and Chang, 2011) , and the evaluation of different elements (Lin et al., 2006; Ho and Huang, 2014 This paper goes ahead and proposes the prioritization and selection of the five EV subsystems (seen as the alternatives of the model: A1-Drive System; A2-Power System; A3-Control System; A4-Vehicle Structure; A5-Auxiliary Systems) to improve the vehicle performances in a given scenario of vehicle use. The chosen scenarios are three: (i) S1-Urban vehicles; (ii) S2-Road vehicles; and (iii) S3-Delivery Van vehicles.
Urban vehicles are characterized for its small size, low speed performance, low consumption and low weight; Road vehicles characteristics include speed, power, comfort and autonomy; the main characteristics of Delivery Van vehicles, used in urban environments include big size, range necessity, low speed performance and high weight.
The hierarchy (Figure 3 ) was built according to economical (cost and consumption), environmental (emissions and recyclability) and technical (traction, range and load capacity) criteria. The local priorities were obtained by using the eigenvector method. The global priorities were derived by means of the hierarchical composition principle. All pairwise matrices have acceptable inconsistencies (CR<0.10). The values of the local, global and total priorities were obtained by using of the Expert Choice Software, version 11.1 (see Figure 4 (a), (b) y (c)). Figure 5 presents a comparison of the total priorities for the five alternatives in the studied scenarios. The ranking of alternatives shows the Drive System is the preferred to improve the vehicle performances in an Urban vehicle (A1>A3>A4>A2>A5) and Road vehicle use (A1>A4>A2>A3>A5), while in a Delivery Van Vehicle the preferred alternative is the Vehicle Structure (A4>A2>A1>A3>A5).
Comparison of different scenarios
Fig. 5 -Final priorities of the alternatives analyzed for the different scenarios
Expert Choice includes different sensibility graphic tools for supporting the study of the results stability. The performance graphic ( Figure 6 ) gives information on the total priorities of the alternatives and their global behaviour with respect to the criteria. It can be seen there are two alternatives (A1 and A4) that dominate the rest of alternatives in the three scenarios, and the best alternative, the Drive System (A1) dominates the other four alternatives in the Economical and Technical criteria (both in S1 and S2), while the Vehicle Structure dominates the other four alternatives in all criteria in S3.
By introducing changes in the criteria weight, it can be provoked a rank reversal for the best alternative. For example, in S1 it is necessary to increase the weight of the Environmental criterion by 4 %, for A3 to be the best alternative. In S2 it is necessary to increase the weight of the Environmental criterion by 9 %, for A4 to be the best alternative. Finally, in S3, rank reversal is unlikely due to the radical changes to be produced even increasing the weight of the different attributes by 100 %.
This analysis shows the ranking of alternatives in S3 is very robust, and `Vehicle Structure' (A4) is the system that has a major influence for improving the performance of an EV. However, the ranking of alternatives in S1 and S2 could change by increasing the weight of the Environmental criterion in a low range (less than 10 %). 
CONCLUSIONS
The objective of this work was to develop a multicriteria procedure based on AHP to prioritize among the vehicle systems in which the design efforts should be guided (Drive System, Power System, Control System, Vehicle Structure and Auxiliary Systems) to improve the vehicle performances in a given scenario of vehicle use. The scenarios studied were three: Urban vehicles, Road vehicles and Delivery van vehicles.
The results shows that for Urban vehicles (S1), all systems present similar importance according its weights in the decision model, moreover the auxiliary system is more relevant in this type of vehicle than others. Road vehicles (S2) shows the system that most influences the vehicles performance is the Drive System, while for Delivery Van vehicles (S3) is more important the structure system. The sensibility analysis has shown that the ranking of alternatives is very robust in S3, being the Vehicle Structure the most preferred in all cases, while in S1 and S2 the ranking could vary with small changes in the weight of the environmental criterion (less than 10 % of the initial value).
